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SUMMARY 

This report describes the development of a Laser 
Cartridge accomplished by Norden Division of the United 
Technologies Corporation under U.S. Army Electronics Command 
Contract DAAB07-74-C-0376 (DA Project No. 1S7-62703-A-186-06- 
18), and through a parallel in-house effort by Norden and 
United Technologies Research Center (UTRC), both part of the 
United Technologies Corporation. 

The laser cartridge successfully developed on the 
program consists of an integral bonded assembly of a Nd:YAG 
laser rod (3 mm diameter x 15 mm long), Q-switch, and a resonator 
mirror.  The Q-switch is an organic nickel complex dye in a 
polymethylmethacrylate (PMMA) host.  This unit has been tested 
and shown to satisfy the ECOM technical guidelines require- 
ments.  A beam divergence specification was not included in 
the technical guidelines because the beam divergence could 
not be determined a priori and it would have been beyond 
the scope of this program to attack such a problem.  Complete 
static and limited operational tests were conducted over 
temperature, and a life test was run. 

The key elements in the program were:  the development 
of a total process for producing the PMMA/dye Q-switches 
with accurate control of optical density in a laser damage 
resistant high purity material; the test and selection of 
an optical quality adhesive with the necessary dimensional 
stability and strength which could permit the relative 
expansion and contraction of the joined materials without 
failure; the development of alignment and assembly techniques 
for consistently obtaining laser cartridges with predictable 
performance. 

A total of 12 laser cartridges were fabricated during 
the program, 6 of which were delivered as required by the 
contract.  Three of the delivered cartridges were specifically 
tailored to the ECOM mini-rangefinder program requirements, 
with the remaining three demonstrating significant stages 
in the development program. 

Two alternate methods for cartridge manufacture 
were investigated.  They were direct Q-switch dye sublimation 
on to the laser rod, and use of a Q-switch dyed adhesive.  An 
adhesive to accept the dye was not found.  The direct dye 
sublimation technique showed promise, but required substantially 
more research and development effort than was possible under 
the contract, and was therefore terminated. 



The program has demonstrated that the ECOM laser cart- 
ridge concept is technically feasible.  Working cartridges 
satisfying the technical guidelines have been manufactured which 
meet ECOM performance requirements in all areas except diver- 
gence.  Recommendations for continued development are in the 
areas of performance optimization and investigation of tech- 
niques for reducing beam divergence without the need for colli- 
mating optics. 

This program was conducted with continuing close liaison 
with the CS & TA Laboratory at ECOM.  In particular, the tech- 
nical guidance provided by Mr. Roland Wright, and the helpful 
suggestions from Dr. Rudolph Buser are acknowledged. 
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SECTION 1 
INTRODUCTION 

1.1    Program Technical Guidelines 

The basic goal of the program is outlined in the 
technical guidelines prepared by C.S. and T.A. Laboratory of 
ECOM dated September 1973.  The objective is the development 
of an integrated, prealigned Nd:YAG resonator assembly contain- 
ing the laser rod, passive Q-switch and resonator mirrors.  The 
particulars of the laser performance are: 

a. laser output energy 0.5 to 3.0 millijoules with 
1 to 2 joules into flash lamp 

b. Nd:YAG rod size - 3 millimeters in diameter by 
15 millimeters long 

c. operating life 10,000 shots when pulsed at 1 
cycle per second 

The cartridge assembly is operated in an essentially 
elliptical cavity made of polymethylmethacrylate (PMMA) with 
the cartridge and flash lamp in conjugate positions.  The PMMA 
cavity is overcoated with high reflectance material to assure 
maximum internal reflection of the flash lamp energy and 
optimum coupling between the flash lamp and the NdrYAG rod. 
The Xenon flash lamp selected by ECOM has an arc length of 
15 mm and an inside diameter of 1 mm and an outside diameter 
of 2 mm.  The operating temperature range is -50°F to +160°F. 

The contract deliverable items are: 

a. 6 laser cartridges representative of the contract 
development work 

b. monthly progress, interim and final technical 
reports 

1.2     Requirements for Cartridge Operation 

Operation of the laser cartridge requires peripheral 
assemblies such as the cavity, flash lamp energy storage and 
trigger circuits.  The basic performance of the laser depends 
upon the operation of each of these elements as well as the 
laser rod itself.  For example, the energy storage element 
may not deliver its full energy to the flash lamp.  A typical 



electrolytic capacitor storage system delivers approximately 
2/3 of its input energy to the flash lamp.  The standard ECOM 
mini-rangefinder storage network employs a 13 microfarad 
capacitor charged to a maximum of 500 volts and will deliver 
a maximum flashlamp input energy of 

E = 1/2 n CV
2 

= 1/2 x 2/3 x 13 x 10-6 x (500)2 

= 1.08 joules 

where:  E = energy output in joules 
n = capacitor efficiency 
C = capacity in farads 
V = voltage in volts 

This value is at the lower end of the specified input energy 
range.  Since this will be the energy storage element used by 
ECOM to excite cartridges fabricated on the program, the princi- 
pal effort was concentrated on elements with power input (and 
hence power output) in the lower end of the technical guide- 
lines range. 

The basic aim of the program was to develop the 
cartridge fabrication techniques.  Therefore, effort was not 
expended in optimizing the other elements of the laser system. 
Over-all laser efficiency might be improved in many areas. 
For example, in the experimental system the flash lamp energy 
passed through five major changes in index of refraction and 
corresponding reflection losses at each interface.  If an 
index matching medium were introduced between the flash lamp 
and the cavity and between the cavity and the Nd:YAG rod the 
number of major index changes could be reduced to one (arc 
to flash lamp housing) with improved overall laser efficiency. 
Investigations of this nature were deferred to future con- 
tracts to permit concentration on the cartridge fabrication 
procedures. 

1.3    Measurements 

The technical guidelines outline a series of cartridge 
performance tests including output energy, beam divergence, 
pulse duration and operation in the military environment. 
All measurements on cartridge efficiency were made relating 
energy output from the cartridge assembly to energy input 
to the storage capacitor.  The first cartridges assembled 
were measured using a cavity overcoated with vapor deposited 
silver.  At the suggestion of R. Wright of ECOM, a cavity 
was then made with the outer surface coated with a highly 
diffuse white paint which resulted in an observable increase 



(10-20 percent) in conversion efficiency, and this cavity 
was used for all measurements thereafter.  All cartridges 
delivered on the program were measured with the diffuse 
cavity.  However, because of the input energy limitations 
outlined above, the conversion efficiencies are relative 
rather than the absolute maximum achievable with the given 
cartridge. 

Divergence measurements were made with a silicon 
target vidicon viewing the far field laser beam pattern. 
The vidicon target surface acts as an image integrator and 
accurately stores the nanosecond duration radiation pattern. 
The pattern is then read out by the electron beam scan and 
stored in a video tape recorder.  The signal is later played 
back from the recorder for detailed pattern analysis. 

The primary factor in performance in military 
environment is operation over the temperature range.  The 
range of -50 to +160°F is more than can currently be achieved 
with available electrolytic high voltage storage capacitors. 
Shock and vibration performance are largely dependent upon 
the way in which the cartridge is mounted into the cavity 
and into the remainder of the transmitter assembly.  Total 
environmental evaluation of the cartridge, therefore, depends 
on the specific implementation in the using system. 

1.4     Report Content 

This report describes the basic laser cartridge 
assembly technique and the materials used for the Q-switch 
and bonding.  A detailed description of the processes developed 
to fabricate the dyed PMMA Q-switches, and to align and 
assemble the cartridges is included.  Results of performance 
measurements are given. 

Several alternate cartridge manufacturing methods 
were investigated and found unsatisfactory for various 
reasons.  These are briefly described in the body of the text. 
An appendix covers the details of a United Technologies 
Research Center (UTRC) investigation of vapor deposition of 
Q-switch laser dye. 

Finally, recommendations are presented for future 
development effort considered necessary. 



SECTION 2 
LASER CARTRIDGE DEVELOPMENT 

2.1 Basic Assembly 

After a preliminary investigation of several alternate 
techniques (as outlined in Section 3) an assembly consisting 
of the Nd:YAG rod, a passive Q-switch of the nickel 
complex dye in a plastic disk and a high reflectance mirror 
was selected.  All components are bonded together with an 
adhesive highly transparent in the 1.06 micron region.  The 
adhesive is sufficiently rigid to maintain the high degree 
of alignment required and yet have enough flexibility to permit 
the differential thermal expansion between the various com- 
ponents.  Figure 1 is an outline of the selected assembly. 

EPOXY BOND 
TECH KIT E-7 

OUTPUT MIRROR, 
75% REFLECTANCE ND:  YAG ROD 

3 i  0.5 

X 
DYED PMMA 
Q-SWITCH 

-15 • 0.5- 

HIGH (99 %) 
REFLECTANCE 

MIRROR (CONCAVE) 

4.0 
~t  0.5~* 

F—1 1 0.1 

3.75 MAX 

ALL DIMENSIONS IN MILLIMETERS 

Figure 1.  Basic Laser Cartridge Configuration 

2.2 Q-Switch Host Selection 

Two solid plastic materials have been successfully 
used as a host for the nickel complex dye.  These are polymethyl- 
methacrylate and cellulose acetate.  Table 1 summarizes the 
relevant physical properties of the two materials.  From the 
table it can be seen that both PMMA and cellulose acetate 
have the same maximum service temperature of 170°F but PMMA 
has a lower coefficient of thermal expansion, a higher flexure 
strength, and lower water absorption.  The PMMA is also harder 
(and hence more rigid) than cellulose acetate, being measured 
on the M hardness scale rather than the R scale which is used 
for rubber like materials.  The polymerized PMMA is subject 
to strain when included in a bonded assembly while the 
amorphous cellulose acetate is not.  This is a disadvantage 
for PMMA.  However, the superior mechanical properties of the 



PMMA indicate the selection of this material for a bonded 
cartridge assembly in which the Q-switch host must act as a 
mechanical coupling element.  Also the technology for bonding 
PMMA to optical components has been well developed while 
cellulose acetate requires the development of bonding 
techniques.  It was, therefore, decided to concentrate on the 
PMMA host Q-switch configuration. 

Table 1.  Relevant Physical Properties of PMMA 
and Cellulose Acetate 

Property PMMA 
Cellulose 
Acetate Units 

Coefficient of 
Thermal Expansion 

8 x 10"5 16 x 10"5 /°C 

Flexure Strength 14 x 103 9 x 103 PSI 

Water Absorption 0.3 2 %/24 hrs 

Maximum Service 170 170 °F 
Temperature 

Rockwell Hardness 

Structure 

M100 R100 

Polymerized   Amorphous 

2.3 Q-Switch Preparation 

The PMMA host Q-switch is the heart of the laser 
cartridge.  The preparation of the Q-switch material with 
controlled optical density and free of impurities represented 
a major portion of the laser cartridge development effort 
and is, therefore, presented in detail.  The preparation 
required thorough solution of the nickel complex dye in 
solvent, dehydration of the PMMA pellets, combining the 
pellets with the dye solution to form a uniform mixture, 
complete removal of solvent from the PMMA dye solution, and 
the formation of the Q-switch disks from the PMMA/dye material 
Each of these steps warrants detailed discussion, which 
follows. 



2.3.1 Preparation of Dye/PMMA Solution 

Pure bis-(4-dimethylaminodithiobenzil) nickel 
[nickel complex] dye is prepared by recrystallization of 
commercially available (Kodak) dye.  The recrystallized 
dye is dissolved in chromatographic quality methylene 
chloride.  The solute solvent ratio is typically 1 milligram 
per 100 milliliters.  The solution is agitated periodically 
over a 16-18 hour period to ensure that the dye is completely 
dissolved. 

The PMMA used as the host is optical quality PMMA 
pellets (such as Rohm and Haas V-811).  The commerical pellets 
are dehydrated by baking in an air circulating oven at 110°C 
for a period of at least 5 hours.  The dehydrated pellets 
are then dissolved in methylene chloride by adding the required 
amount of filtered dye methylene chloride solution to a 
measured amount of the dehydrated PMMA pellets and then adding 
additional methylene chloride to obtain a PMMA to solvent ratio 
of 1 gram to 10 milliliters.  The filter consists of a 1.5 
microns Millipore pre-filter and a 0.2 micron final filter. 
The dissolved PMMA dye solution is again passed through the 
filter to remove any impurities present in the PMMA.  The 
filtered solution is placed in a wide-mouthed scrupulously 
cleaned ceramic crucible and covered to prevent contamination 
or formation of a skinned surface by rapid solvent evaporation. 

2.3.2 Solvent Removal and Q-Switch Disk Formation 

The covered crucible containing the dye PMMA solution 
is placed in an air circulating oven at 40°C for approximately 
24 hours.  During this period the bulk of the solvent is 
removed and the material solidifies in the crucible.  The 
crucible is then transferred to a vacuum oven and the covers 
are removed.  The oven pressure is reduced to 100 microns 
Hg with the sample temperature held at 4 0°C.  The oven 
temperature is slowly increased while maintaining a minimum 
vacuum of 100 microns until a temperature of 130°C is 
reached.  The temperature is then maintained at 130°C until 
the pressure falls to 60 microns.  At this point at least 
99.9 precent of the solvent has been removed and the PMMA/dye 
mixture is ready for pressing into Q-switch disks. 



The PMMA/dye material is removed from the crucible by 
thermal shock and transferred to a 1-1/4 inch diameter mold 
press with polished stainless steel cylinder and pistons.  The 
press is heated to 130°C and the pressure increased to 2000 
pounds per square inch.  The temperature is increased to 
170°C and maintained for 20 minutes.  The press and disk are 
permitted to cool to room temperature while the pressure decays 
The 1-1/4" wafer, approximately 1 millimeter thick, is removed 
from the press by thermal shock and annealed in an air circulat- 
ing oven at 85°C for eight hours and permitted to slowly return 
to room temperature over an additional eight hour period. 

The wafer is then inspected microscopically to select 
areas free of defects from which the 3.75 millimeter diameter 
Q-switch disks can be cut.  Four or 5 such areas are found 
in a typical wafer.  These areas are tested for Q-switch action 
in a 5 x 30 millimeter Nd:YAG laser producing outputs in the 
order of 10 millijoules and examined for damage.  If found 
damage free (=95 percent for material prepared as outlined 
above) the 3.75 millimeter disks are cut from the selected 
areas with a water cooled diamond core-cutter.  These disks 
are examined for mechanical damage and if acceptable are 
used for cartridge assembly. 

The procedure outlined above evolved as the result of 
preparing 108 Q-switch sample wafers.  In the source of the 
technique development many problems encountered were 
solved by changes in processing.  Table 2 is a summary of this 
development.  The inclusions were the most serious problem 
since any particle, even as small as one wave length, provided 
a site for damage.  Absolute cleanliness is a prime requisite 
for Q-switch fabrication. 

2.3.3   Optical Density 

Optical Density of the final Q-switch material is a 
function of the amount of nickel complex dye per square 
centimeter of switch cross section.  Figure 2 relates the 
optical density and percent transmission (at 1.06 microns) 
to the dye density in micrograms per square centimeter.  The 
optical density is linearly related to the dye density. 



Table 2.  Q-Switch Development 

Problem 

Inclusions 

Surface Cracking 

Veiling 
(cloudy inclusions) 

Air Bubbles/Surface 
Quality 

Discoloration 
(depolymerization) 

Solution 

Purity of ingredients, filtration, 
laminar flow bench processing 

Pressing technique changes, 
annealing, cleaning techniques 

Solvent purity, pressure/temp. 

Solvent removal technique, 
pressing 

Limit maximum temperature of 
PMMA processing 

o«r 

2        3        4        5        6 

DYE DENSITY - MICROGRAMS PER SQUARE CENTIMETER 

Figure 2.  Optical Density and Percent 
Transmission vs Dye Density 



2.4    Resonator Mirrors 

A computer analysis of resonator performance developed 
by United Technologies Research Center was used to determine 
optimum resonator parameters for the 3 x 15 millimeter Nd:YAG 
laser.  The result of this analysis indicated that for best 
laser efficiency the laser output mirror should have a trans- 
mission of approximately 75 percent.  Accordingly, the laser 
rod was specified (Appendix A) with the output mirror coated 
on one end of the laser rod.  Since the other end of the 
rod (index =1.8) is bonded with an adhesive with an index of 
refraction of approximately 1.5 and the standing wave within 
the resonator approaches the surface at normal incidence, the 
reflection loss at the bond surface for an uncoated rod is 

,n2   "l^2   ,1-8 - 1.5,2     .3 .2 n   B v 1f)-3 r = (n2 + n^  = <i.8 + 1.5}  = '"O5  ^ 8 x 10 

Therefore, because of the low reflection loss, no coating is 
applied to the bonded end of the YAG rod. 

The second mirror of the resonator is the high 
reflectance mirror bonded to the rear of the Q-switch assembly 
To minimize the number of interfaces in the optical path 
and provide protection for the mirror surface, the bond is 
made directly to the mirror surface.  This decision was based 
on results of discussions with mirror vendors (e.g. Laser 
Optics Inc.) that indicated that dielectric mirror coatings 
produced by electron beam deposition are sufficiently well 
bonded to the glass substrate to allow use as the bonding 
interface.  In addition, tests at Norden confirmed the 
suitability of the mirror coating as the bond interface. 
The mirror coating was deposited to provide a reflection in 
excess of 99.2 percent at 1.06 microns when bonded with the 
adhesive with an index of 1.5. 

The mirror has an outside diameter of 3.75 millimeters 
and a minimum useful mirror diameter 3.25 millimeters.  These 
dimensions allow normal optical fabrication techniques 
(bevel etc.) around the mirror edge and still provide a 
minimum of 0.25 millimeter for alignment with the 3-millimeter 
rod.  The length of the mirror substrate is 4 millimeters. 
This provides an adequate length to permit holding the mirror 
with standard optical fixtures for cartridge alignment.  For 
a production cartridge the use of special fixtures would 
permit the use of a much shorter substrate.  This would 
appreciably reduce the mass cantilevered from the YAG rod and 
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reduce the stress on the bonds in a military shock and vibra- 
tion environment.  The mirror substrate is borosilicate - 
crown glass (BK-7) which has a thermal expansion coefficient of 
approximately 4 x 10~6 per degree Fahrenheit which closely 
matches the YAG rod.  Thus, a bond satisfactory for the 
differential thermal expansion between the YAG and the PMMA 
will also apply to the mirror substrate to PMMA interface. 

2.5    Adhesive Selection 

Many representative optical adhesives were evaluated 
for bonding the Nd:YAG to the PMMA.  Table 3 lists the commer- 
cial names of the selected adhesives and their generic types. 
Physical data for these adhesives are given in Appendix C. 
The basic requirement for the adhesive is the ability to 
maintain the alignment required for laser action while 
permitting the differential thermal expansion between the 
YAG and PMMA.  The expansion coefficient of the PMMA is 
approximately ten times that of the YAG.  Test bonds were made 
by first bonding commercial PMMA to standard glasses such 
as BK-7 which have an expansion coefficient similar to the YAG. 
The samples were then cycled over the temperature limit.  Bond 
integrity and stability were evaluated.  Mechanical strength 
of samples was determined by static loading tests.  Optical 
alignment and stability were checked by observation of 
Newton's rings.  The hard two-part epoxies and the cyanoacrylic 
formed excellent bonds but when cycled over the temperature 
range the thermal stress resulted in failure of bonded material 
in the vicinity of the bond.  The elastomer bonds (such as 
RTV) withstood the temperature cycle but gave bonds of 
questionable stability.  Two adhesives provided good stability 
and temperature performance.  These were Hysol experimental 
adhesive 9419 and Techkits E-7.  After preliminary tests 
with the 9419 it was learned that it had been discontinued 
and would not be available for production.  No further testing 
was performed with this adhesive.  The Techkits E-7 is a 
flexible two part epoxy in which the flexibility is controlled 
by the ratio of resin to activator.  It was determined that 
a mixture of 40 parts (by weight) of resin to 60 parts 
activator resulted in the best cartridge bond.  The adhesive 
mixture is first outgassed under vacuum for one hour at 
approximately 34°C  The bond is cured for 4 hours at 55°C 
under a pressure of 2100 grams per square centimeter (~30 psi) . 
Experimental bonds were subjected to a sequence of temperature 
cycles and maintained both bond integrity and optical alignment, 
The results of tests with two sample batches of Techkits E-7, 
produced about six months apart, were the same, indicating 
vendor batch-to-batch uniformity.  The Techkits E-7 adhesive 
was, therefore, used for the cartridge assembly. 
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Table 3.  Optical Adhesives Investigated 

TRADE NAME 

Hysol 0151 

TRA-CON BB-2114 
TRA-CON BB-2129 
TRA-CON BB-2130 

Kodak HE-10 

Techkits E-7 

Summers M-62 

GE RTV-602 

Dow Corning R-63-489 

Hysol EA-9419 

Locktite 04-E 

Opticon UV-57 

Summers UV-71 

FORMULATION 

Two-part epoxy 

Two-part epoxy 

Modified two-part epoxy 

Flexible two-part epoxy 

Two-part synthetic polyester 

Two-part silicon 

Two-part silicone elastomer 

Two-part - epoxy/urethane and liquid 
amine 

Single component ethyl cyanoacrylic 

Single component photosensitive resin 

Single component photosensitive resin 

2.6 Cartridge Assembly 

2.6.1   Mirror Q-Switch Subassembly 

The cartridge is assembled by bonding the components 
previously described (rod, Q-switch and mirror) into an inte- 
grated unit.  This bonding is accomplished in two steps.  In the 
first step the 3.75 millimeter diameter Q-switch disk is bonded 
to the high reflectance mirror.  The assembly is made in a 
laminar flow bench to maintain cleanliness.  The mirror and the 
Q-switch are placed in precision cups of an alignment fixture 
and the adhesive is applied to the exposed surface of the 
Q-switch.  Surface tension causes the adhesive to form a spher- 
ical surface such that when the Q-switch and mirror are brought 
into contact air is excluded from the bond.  Figure 3 is a 
sketch of the fixture.  The cups containing the Q-switch and 
mirror are mounted in chucks which are constrained to a common 
axis by the fixture.  Thus, the Q-switch with adhesive is 
pressed along the fixture axis to the mirror surface. 
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MIRROR GUIDE SHAFT 
SLIDES DOWN TO APPLY PRESSURE 

MIRROR 

Figure 3.  Mirror/Q-Switch Bonding Fixture 

The mass of the fixture is such that with the fixture 
axis vertical the proper pressure is applied to the bond. 
A protective sleeve over the cups prevents any impurity from 
entering the bond area.  The fixture is then placed in an 
air circulating oven and the adhesive cured as previously 
described.  After curing, the bonded subassembly is removed 
from the fixture and inspected.  It should be noted that 
precision optical alignment of the Q-switch with the mirror 
axis is not required since the Q-switch is index matched by 
the adhesive to both the reflecting mirror and the NdrYAG rod, 
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2.6.2   Cartridge Assembly and Alignment 

The final step in cartridge fabrication is the precision 
optical alignment and bonding of the laser rod to the 
mirror/Q-switch subassembly.  This is accomplished on an 
optical table schematically shown in Figure 4.  The basic 
technique uses a collimated beam from the He-Ne laser to 
align the output and high reflectance mirrors of the resonator. 
The beam expander reduces the approximate 1 milliradian 
divergence from the laser by a factor of 10 to produce a more 
nearly collimated incident beam.  The beam-splitter permits 
examination of the resonator interference pattern on the 
viewing screen.  The eight power beam expander enlarges the 
beam on the rear projection viewing screen.  The viewing screen 
is placed adjacent to the mirror/Q-switch support base to 
permit the operator to adjust the two-axis vernier controlling 
the axis of the mirror/Q-switch to achieve resonator alignment. 
The high reflectance mirror is spherical so that concentricity 
of the interference fringes between the reflection from the 
output and high reflectance mirrors will indicate resonator 
alignment.  The number of fringes in the pattern is limited 
by the 3 millimeter diameter of the output mirror on the rod 
and the radius of curvature of the high reflectance mirror.  For 
example, mirrors of 1, 2, and 5 meters radius were used in 
fabricating experimental cartridges with the corresponding 
interference pattern containing 4, 2 and less than 1 fringe 
respectively.  Accordingly the 1 and 2 meter mirrors were 
relatively easy to align while the 5 meter radius mirror was 
extremely difficult.  The 2 meter mirror represented a compro- 
mise between ease of alignment and maximizing mode volume for 
increased output energy.  Measurements of beam divergence 
showed little difference between cartridges fabricated with 
the 2 and 5 meter radius mirrors. 
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BEAMSPLITTER 
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Q-SWITCH 

NOTE: 
PATH LENGTH FROM ROD TO VIEWING 
SCREEN-APPROXIMATELY 2 METERS 

TEMP CONTROL 

Figure 4.  Cartridge Fabrication Alignment Fixture 
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The holder for the mirror/Q-switch subassembly is 
mounted on a precision slide capable of translation parallel 
to the optical (laser) axis.  Therefore the output mirror on 
the Nd:YAG rod is first aligned normal to the He-Ne laser 
beam by having the reflected beam coincident with the incident 
beam.  The mirror/Q-switch assembly is then aligned to achieve 
concentricity of resonator interference fringes on the viewing 
screen.  A drop of purified water may be used as an index 
matching fluid to assist in this alignment.  After alignment 
a final mirror cleaning is performed in place. 

The entire laser assembly is contained within an 
insulated enclosure with a small aperture for coupling the 
optical beam.  The entire enclosure is preheated to 55°C 
(the curing temperature of the adhesive) and if necessary, 
the mirror/Q-switch assembly readjusted to compensate for 
thermal distortion of the mounting structure and to reestablish 
the concentric interference pattern.  A drop of the outgassed 
adhesive is then applied to the end of the Nd:YAG rod and the 
mirror/Q-switch mount translated toward the rod until contact 
is made with the adhesive.  A force of 150 grams is applied 
to the assembly to provide the correct curing pressure.  The 
pattern on the viewing screen is observed to make certain 
that alignment has not been disturbed and if necessary the 
mirror/Q-switch is immediately realigned.  This realignment 
must be completed within 2 minutes of adhesive application. 
The adhesive is cured for 4 hours during which the alignment 
must not be disturbed.  After curing, the mirror is released 
from its mount and the cartridge assembly allowed to cool 
to room temperature.  This completes the cartridge fabrication. 

It was observed that the YAG rod to Q-switch bond 
resulted in a small meniscus at the rod end approximately 
1 mm in length which interfered with insertion into the pump 
cavity.  Therefore, the later cartridges were made with 16 mm 
rods to allow for the adhesive meniscus. 

2.7     Performance Evaluation 

Cartridges were evaluated for output energy, pulse 
duration, divergence, performance over temperature, and 
operating life. 

The pulse duration of all cartridges was in the 10-12 
nanosecond range at the half power point with a waveform as 
shown in Figure 5.  This waveform is typical of all cartridges 
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CARTRIDGE NUMBER 4 - 3 x 15 MILLIMETER ROD 
HIGH REFLECTANCE MIRROR RADIUS - 1 METER 
500 VOLT INPUT TO STORAGE UNIT 
=1 MILLIJOULE OUTPUT ENERGY 
DISTANCE FROM LASER TO SCREEN • 260 INCHES 

. 2^75 
260 

= 10.6 MILLI- 
RADIANS 

DIVERGENCE 

VIDICON IMAGE OF BEAM PATTERN 

VERTICAL SCALE 
1  VOLT/DIVISION 
HORIZONTAL SCALE 
10 NANOSECONDS/ 
DIVISION 

PULSE DURATION 

Figure  5.     Typical  Beam Pattern  and Pulse  Duration 
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The divergence was measured with a silicon target 
vidicon viewing the image of the laser energy on a screen 
at least 5 meters from the output mirror.  No beam expanders 
or other optics were employed.  All cartridges exhibited a 
pattern width in the range of 10 to 15 miliiradians.  Figure 
5 shows a typical divergence pattern as viewed by the T.V. 
system. 

The use of mirror radii from 1 to 5 meters made no 
discernible change in the pattern.  It does not appear that 
the divergence of the cartridge radiation can be readily 
controlled by changes of Q-switch density (and corresponding 
output power) or mirror radius.  Possible approaches for 
obtaining control of this factor are outlined in the 
recommendations of Section 4. 

The output energy was measured with a Scientech Model 
362 power energy meter operated on the 1 or 3 millijoule 
scale.  All cartridges with threshold voltage below 500 volts 
(into the standard ECOM storage network of 13 microfarads 
and 40 microhenries) produced an output power in the range 
0.5 to 1.0 millijoule.  Units with threshold voltage in excess 
of 500 volts provided output power in the 1-2 millijoule 
range.  The output power of each cartridge is tabulated in 
Table 4. 

Cartridge number 6 was used for a combined temperature 
life test.  The cartridge in its cavity was placed in a 
temperature controlled chamber with the output mirror facing 
the energy meter through an antireflection coated window. 
During these temperature-life tests, the energy meter was 
used as a qualitative monitor of the cartridge performance. 
Dry nitrogen was flushed through the chamber during low 
temperature runs to prevent the build up of condensation on 
either the laser or exit window.  The laser was first operated 
at room temperature for approximately 1500 cycles at a rate 
of 17 pulses per minute.  The chamber temperature was then 
raised to 125°F and after a 1/2 hour soak at 125°F the 
cartridge was subjected to another 1300 cycles of operation 
at the 17 pulse per minute rate.  The chamber was then 
raised to 160°F and the operating cycle repeated for 
approximately 1000 pulses.  The laser operated throughout the 
test.  The chamber was then lowered to 0°F and after a 1/2 
hour soak an 8 00 pulse test was performed.  The chamber was 
then lowered in 10°F steps to -20 -30 -40 and -50°F with 
50 pulses at each temperature.  The chamber was returned to 
room ambient and after an additional 1200 cycles the power 
was measured and found to be 0.45 millijoules, down approxi- 
mately -2.5 dB from the initial 0.8 millijoules.  The total 
number of cycles on the cartridge at this time was approximately 
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6000 cycles.  At this point the flash-lamp used for the test 
was examined and found to be darkened as a result of the test. 
It is, therefore, difficult to assess how much of the 2.5 dB 
degradation was due to cartridge deterioration and how much 
was the result of flashlamp deterioration.  This particular 
cartridge showed definite evidence of a growing damage site 
which was initially observed at 75 pulses.  The growth of the 
damage site with the number of pulses approximated an inverse 
exponential i.e. it grew rapidly at first and then slowly ap- 
proached its final size asymptotically. 

Later cartridges, with improved processing in the Q- 
switch preparation did not exhibit the damage sites but efforts 
to life test these units were thwarted by lack of a suitable 
flashlamp.  All lamps purchased for the test phase were 
experimental units made by EG & G.  One lamp functioned well 
and was used for most of the tests but was unservicable after 
the life test.  The remaining lamps triggered irregularly and 
became inoperative in a few hundred cycles.  Thus later 
cartridges could only be given basic functional tests.  The 
flashlamp problem prevented obtaining accurate data on laser 
threshold voltage.  The values in Table 4 for cartridges 9 
through 12 are, therefore, best values available.  These 
cartridges were subjected to 2 cycles of temperature down 
to 0°F to test bond integrity. 

Table 4 summarizes the performance of all cartridges 
made on the program.  Cartridges 9 through 12 were made with 
Q-switch having 60 percent round trip transmission to assure 
operation below 500 volts for use in ECOM tests.  All cartridges 
made in June and July used the Q-switch fabrication technique 
described in the report and did not exhibit the Q-switch damage 
of earlier cartridges.  While testing of these units was not 
as extensive as for cartridge 6, the number of cycles on each 
(at least 200) greatly exceeded the number of cycles where 
earlier cartridges exhibited initial signs of Q-switch damage. 
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SECTION 3 
ALTERNATES INVESTIGATED 

3.1    Direct Dye Sublimation 

In this technique, the nickel complex dye is sublimed 
directly on the YAG rod, with the high reflectance dielectric 
mirror deposited over the dye.  In the event that the dielectric 
mirror deposition temperatures exceed the dye decomposition 
(or sublimation) temperature, an alternate for this assembly 
procedure is to bond a mirror (on a glass substrate) to the dye- 
coated rod end.  If a glass with a thermal expansion coefficient 
close to that of the YAG rod is used for the mirror substrate 
(such as Schott BK-7), a good bond can be readily achieved with 
commercial optical adhesives.  The sublimation study was conduc- 
ted at United Technologies Research Center (UTRC).  A detailed 
report of the investigation is presented in Appendix B. 

In summary, the dye was successfully sublimed, but when 
the thin film with transmission of the order required for laser 
action was subjected to laser energy, the high energy density 
in the film caused the dye to vaporize.  It is, therefore, re- 
quired that the absorption be distributed in a larger volume than 
that of the dye itself.  UTRC outlined several polymerization 
techniques which would accomplish this end.  However, the de- 
velopment schedule (in excess of six months) and cost were in- 
consistent with the present program objectives and further work 
was postponed.  The technique remains extremely promising as a 
long term solution to laser cartridge fabrication, since the 
individual cartridge alignment required for all other techniques 
is eliminated. 

3.2    Adhesive Host Q-switch 

Representative samples of various types of optical ad- 
hesives were selected for evaluation as potential candidates to 
host the nickel complex dye.  Table 3 lists the commercial names 
of the selected adhesives and their generic types.  Physical data 
on these adhesives are given in Appendix C. 

The dye was found to be insoluble (directly) in all of 
the above adhesives. 

A solution was obtained by dissolving the dye in 
methylene chloride, then adding the adhesive.  (In the case of 
the two-part adhesives, only the resin part was added.) 
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For all of the two-part adhesives, the dye bleached be- 
fore the methylene chloride could be removed by evaporation. 
The Opticon UV - 57 and Summers UV - 71 adhesives accepted the 
dye/methylene chloride solution without bleaching the dye during 
solvent removal, but the dye bleached during the ultraviolet 
irradiation curing process. 

Butylmethacrylate also was considered as a possible host 
for the Q-switch dye.  However, since the softening point of bulk 
polymerized butylmethacrylate is 30°C, parts formed from this 
material would not be mechanically stable over the required 
temperature range. 

The adhesive host technique for Q-switch fabrication was 
therefore abandoned. 
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SECTION 4 
CONCLUSIONS AND RECOMMENDATIONS 

4.1    Conclusions 

The laser cartridge successfully developed on the pro- 
gram consists of an integral bonded assembly of a Nd:YAG laser 
rod (3 mm diameter x 15 long), a Q-switch, and a resonator 
mirror.  The Q-switch is an organic nickel complex dye in a 
polymethylmethcrylate (PMMA) host.  This unit has been tested 
and shown to satisfy the ECOM technical guidelines requirements. 
A beam divergence specification was not included in the tech- 
nical guidelines because the beam divergence could not be deter- 
mined a priori and it would have been beyond the scope of this 
program to attack such a problem.  Complete static and limited 
operational tests were conducted over temperature, and a life 
test was run. 

The key elements in the program were: the development of 
a total process for producing the PMMA/dye Q-switches with ac- 
curate control of optical density in a laser damage resistant 
high purity material; the test and selection of an optical 
quality adhesive with the necessary dimensional stability and 
strength which could permit the relative expansion and contrac- 
tion of the joined materials without failure; the development 
of alignment and assembly techniques for consistently obtaining 
laser cartridges with predictable performance. 

A total of 12 laser cartridges were fabricated during 
the program, 6 of which were delivered as required by the con- 
tract.  Three of the delivered cartridges were specifically 
tailored to the ECOM mini-rangefinder program requirements, with 
the remaining three demonstrating significant stages in the 
development program. 

Two alternate methods for cartridge manufacture were in- 
vestigated.  They were direct Q-switch dye sublimation on to 
the laser rod, and use of a Q-switch dyed adhesive.  An ad- 
hesive to accept the dye was not found.  The direct dye sub- 
limation technique showed promise, but required substantially 
more research and development effort than was possible under the 
contract, and was therefore terminated. 

The program has demonstrated that the ECOM laser cart- 
ridge concept is technically feasible.  Working cartridges 
satisfying the technical guidelines have been manufactured which 
meet ECOM performance requirements in all areas except diver- 
gence. 
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4.2    Recommendations 

Recommendations for continued laser cartridge work are 
in four areas: 

a. Beam divergence investigation 

b. Mini-Transmitter module development (excluding flash 
lamp development) 

c. Q-switch investigation 

d. Alignment fixture improvement 

The beam divergence investigation should consider both 
unstable and stable resonator techniques.  Unstable techniques 
include hybrid configurations and conventional negative branch 
resonators.  Stable resonator investigations should include 
divergence versus Fresnel number, divergence versus Q-switch 
type, and cost-weight-size trade-offs using a beam expander. 

The mini-transmitter task should develop a module which 
integrates the final laser cartridge and output optics, if re- 
quired, with the flash lamp and pump cavity, pulse forming net- 
work, trigger circuits and energy storage elements being de- 
veloped by ECOM on its minirangefinder program.  Tradeoffs of 
performance, cost, weight and size should be paramount in this 
investigation. 

The Q-switch fabrication task should provide further 
data on ultimate power limitations, and production type tech- 
niques for controlling Q-switch parameters and quality. 

A cartridge alignment fixture should be developed to 
simplify the final assembly procedure and provide improved ac- 
curacy in both alignment error sensing and fixture adjustment. 
The cartridge should be mounted vertically to eliminate the 
asymmetric effects of gravity on the adhesive.  The alignment 
controls should be brought out through the walls of the 
thermally controlled enclosure.  An improved screen viewing 
system will provide higher contrast interference patterns by 
eliminating ambient illumination of the viewing screen. 
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APPENDIX A 
LASER ROD REQUIREMENTS 

Norden- 
"fi. " 

lHlllflClTION 

UNCLASSIFIED 
1249-R-0005 

IMlITI -  IHCIT 

LASER ROD REQUIREMENTS ^o^ff ?* 
MvlHC 

_^ • at--J 7; 

M nry** ' JLx. 
ij^lUll •V. 

"&<fJ 

Host Material:  YAG (Yttrium Aluminum Garnet) 

Doping Material:  Nd+3 (Neodyraium) 

Doping Level:  Optimized for Pulsed--Q—Switched output. 

Diameter:  3.000 mm + .125 mm 

Length:  See Table I 

End Parallelism:  Better than 6 seconds of Arc. 

End Flatness:  Better than 0.2 wavelength at the Sodium D-Line. 

End Finish:  Better than 20-20 as defined by MIL-0-13830A, para 3.5.1.1 

Rod Quality:  Less than one (1) fringe, double pass. 

Rod Finish:  Outer diameter of rod to be an optical fine grind finish. 

Coat ing : 

A. One 3.000 ram diameter face to be coated for 75%  + 2% 

reflection at 1.06 microns. 

B. One 3.000 mm diameter face to be uncoated and to have no 

stain. 

C. Coating Durability: Abrasion requirement of MIL-C-675A 

para . 3.9.4 

Adhesion requirement of MIL-M-13508B 

para . 3.9 

Operational Temperature Range:   -54°C to +55°C 

Storage Temperature Range:  -62°C to + 85°C 

TABLE I 

DASH NO. 

1249-R-0005  -1 
1249-R-0005  -2 

LENGTH 

15MM + 0.5MM 
16MM + 0.5MM 

M242     10/691 
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APPENDIX B 
VAPOR DEPOSITION OF Q-SWITCH LASER DYE 

SUMMARY 

This report presents the results of an investigation undertaken in support 
of Norden Division, the objective of which was to determine the feasibility and 

conditions for the sublimation of the organic chelate Q-switch dye, bis-(l4- 
dimethylaminodithiobenzil) nickel.  The work covers the period from July 1 to 

October 15, 19T1* under UARL Project Number 12129U.  The major results of this 
investigation are listed below in summary form. 

• The dye can be successfully sublimed at temperatures of 230-235°C 
and 1.0-6.0 x 10~5 Torr pressure without decomposition. 

• Optical densities on glass slides ranging from 0.1 to 1.2 can be 

readily obtained.  The rate of sublimation was dependent on particle 
size; larger particles resulting in slower deposition rates.  Optical 
densities in the desired range (0.12) were achieved in approximately 
fifteen (15) minutes using finely powdered material. 

• Deposition on non-treated glass surfaces is characterized by dye 
crystallization resulting in microcracking of the dye film. Silane 
pretreatment of the glass reduced such cracking to a minimum so that 
a continuous dye film was formed. 

• Preliminary lasing tests showed the dye rapidly sublimed (vaporized) 
from the glass slide.  Open lasing was noted but no Q-switching 
occurred. 

• Attempts to improve dye adhesion by glass sandwich construction or 
silver mirroring over the deposited dye did not produce satisfactory 

results during lasing tests. 
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N121291*-! 
I.  INTRODUCTION 

One of the four laser cartridge conceptual configurations in the Norden 
laser cartridge program being sponsered by the U.S. Army Electronics 

Command involves direct deposition of a passive Q-switch dye onto a Nd:YAG laser 
rod.  A schematic of the proposed design is shown below: 

Output Reflector 

3 mm 

JZ 
YAG 

Deposited Dye 

Deposited & overcoated 

dielectric mirror 
-15 mm- 

The most promising Q-switch dye has been found to be bis-(i4-dimethylamino- 

dithiobenzil) nickel (Ref. l). This dye, having the structural formula shown 
below, had been previously synthesized at UARL (Ref. 2).  Preliminary evidence 
at that time (1972) indicated that the dye could be sublimed without decomposi- 
tion at low pressures. 

bis-(l+-dimethylaminodithiobenzil)-nickel 

The objective of this investigation was to determine the feasibility of dye 
sublimation and to optimize conditions with respect to dye purity and optical 
density as they related to vacuum, temperature and deposition rate. 

In order to determine optimum conditions for sublimation of the subject 
Q-switch dye it was necessary to first demonstrate conclusively that the dye 

could be sublimed congruently, i.e. without decomposition.  To this end initial 
experiments were carried out on sodium chloride crystals so that infrared spec- 

trum of the sublimed dye could be obtained.  The majority of the work, however, 
involved deposition of the dye onto glass microscope slides (3/8 x 3A in.). 
Optical density measurements on the dye coated slides were made at 1.06 microns 
using the Cary lk  spectrometer. 

The following sections of this report describe the procedure developed for 

dye sublimation and attempts to provide adequate adhesion of the dye to the 
glass substrate during lasing. 
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N121291*-! 

II.  SUBLIMATION APPARATUS AND PROCEDURE 

The assembled sublimation apparatus is shown in Fig. 1 and consisted of a 
standard vacuum pump, diffusion pump, an oil heating bath and sublimation tube. 
A schematic of the sublimation tube is shown in Fig. 2.  The glass slide was 
attached by clips to the bottom of the water cooled copper disk suspended an inch 
above the powdered dye.  The pressure was reduced to at least 5 x 10-5 Torr prior 
to insertion of the sublimation tube into the preheated oil bath at the desired 
temperature.  Three to four minutes were required for the dye to reach the set 
temperature at which point sublimation time was measured. 

Dye previously synthesized at UARL was used throughout the program.  The 
solvent recrystallized dye was finely ground in an agate mortar and pestle prior 
to sublimation. A charge of 150 mg dye was normally employed and could be used 

for up to ten short sublimation runs before a decrease in sublimation rate was 
noted.  Regrinding of the used material allowed further sublimation to occur 
without having to add additional dye to the tube.  Infrared spectra of subli- 

mation residues showed no decomposition of dye occurred during the use period. 

III.  DYE SUBLIMATION ON SALT PLATES 

Since the infrared spectrum of an authentic sample of bis-(U-dimethylamino- 
dithiobenzil) nickel was available as a standard of purity, the solvent recrystal- 
lized UARL synthesized dye could be easily checked for decomposition after 
sublimation.  Three dye sublimations onto sodium chloride plates were carried 
out and the infrared spectrum checked with that of the standard.  In all cases 
the analysis showed the dye sublimed at the above-stated conditions without 
decomposition.  The major peaks of the pure dye are listed in Table I. 

Apart from bands due to the presence of phenyl groups, three characteristic 
absorptions, 13^0, 915, and 880 cm-1 are observed in the 3000-600 cm"1 range. 

These are combination bands and probably coupled to each other.  Rigorous assign- 

ment would require a normal coordinate treatment (Ref. 3).  Qualitatively, the 

13^0 band may be assigned to the perturbed -C=C- stretch, the ll80 band to the 
perturbed C=S bond while the 880 band has been tentatively assigned to a 
stretching vibration of the   ^S>    system. 

R-C'/ 
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In a partially decomposed or flash lamp decayed sample of the Q-switch dye 
peaks at 2920 and 28U0 cm-1 appear, which are not in the pure sample, as well as 
a change in the intensity ratio of the lUl40-15^0 cm-1 and Hl+0-1190 cm"1 bands. 

Infrared spectrum of the dye residue after several runs also indicated that 
no decomposition had occurred during heating.  Regrinding of the residues allowed 
additional dye to sublime.  This indicates that all the dye charged to the system 

would be sublimable and dye losses due to mechanical manipulations only would be 
encountered.  Thus, the sublimation process appears to be a highly efficient 
method of obtaining high purity material. 

An additional check on the sublimation technique was carried out by sub- 
liming sufficient dye (60 mg) for incorporation into a polymethylmethacrylate 
(PMMA) wafer by Norden personnel.  Comparison of laser results of this material 

with that obtained with a PMMA wafer made using the solvent recrystallized dye 

should verify the infrared analysis for dye purity. 

IV.  DYE SUBLIMATION ON GLASS SLIDES 

The remaining sublimation studies were carried out using microscope glass 
slides cut to 3/8 x 3/b  in. size.  Each slide was washed with green soap and 
water, followed by a distilled water rinse prior to use.  Additional surface 
treatments are discussed below. 

A measure of the sublimation rate of the dye was obtained by determination 
of the optical density obtained per time.  Optical density was measured using 
a Cary ik  spectrometer.  Some shift in the broad curve in the 1.06y region was 
noted in some of the runs which was probably due to non-uniform dye deposition 
or light scattering because of microcrystallites.  Similar shifts have been 

noted in dye solutions.  The change in spectra with time of deposition is shown 

in Fig. 3 and with optical density in Fig. k.     The sharpness of the peak is 
increased with the heavier deposition.  It should be noted that the four hour run 
was carried out using a freshly ground dye sample rather than that used for the 
shorter runs since the initial dye batch had been used for ten short sublimations 

prior to these runs.  Regrinding the initial dye residue and subliming for two 
hours gave an optical density slightly lower than would have been expected based 
on the above results (Fig. k).     This indicates the importance of particle size 
and uniformity in sublimation and if further use of this technique for either 
dye purification or Q-switch preparation is to be considered, emphasis on achieving 
uniform, high surface area dye powder should be considered. 
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Norden Division had specified an optical density of 0.12 for performance 

in the final laser rod design.  Samples of glass coated dye having O.D. in this 
range and higher were submitted to Norden for testing.  The slides having close 
to 0.12 O.D. were found to open lase once or twice prior to sublimation or 
evaporation of the dye. Slides of higher O.D. would not lase due to insufficient 

power input related to the test equipment. 

One cause for the dye evaporation during testing is the noncontinuous film 
of material deposited during sublimation.  Rather than a clear plastic film like 
that made using PMMA resin with dissolved dye, the sublimed dye crystallizes into 
small isolated crystallites apparently associated with nucleation sites.  A micro- 
photograph of sublimed dye (0.125 O.D.) on glass is shown in Fig. 5 at 200X 
magnification. 

Two additional surface treatments other than soap cleaning were tested to 
see if a decrease in surface cracking and improved dye adhesion could be achieved. 

The first, a hydrofluoric acid etch proved ineffective in that the surface flat- 
ness of the glass slide was destroyed (increased roughness) and resulted in 
nonuniform dye distribution.  No improvement in dye adhesion was noted. 

The second treatment did improve dye uniformity and gave a noncracked film 
on the glass surface.  The treatment consisted of applying a silane coating on 
the glass surface after initial cleaning.  This was done by dipping the slide 
into an alcohol/water solution of gamma-aminopropyltriethoxy silane (A-1100) 
followed by drying at 100°F.  This treatment is the same as that applied to 
nearly all fiber glass filament and cloth which is used as reinforcement in 
resin composites.  The dye film deposited on the silane treated glass appears 
continuous with no cracking as shown in Fig. 5 at 500X magnification.  Actually, 
the dye appears to provide a replica of the silane treated surface thus indi- 

cating the nature of the silicone polymer resulting from hydrolysis of the 

starting silane. 

Although improved dye coatings were obtained by the silane treatment 

sufficient dye adhesion during lasing tests at Norden was not achieved. 

V.  DYE RETENTION ON GLASS SLIDES 

Two approaches were tried to prevent dye evaporation during the lasing 
test.  First a dye coated slide was covered by a second clear slide and while 
clamped together the edges were sealed with epoxy resin.  The second approach 
was to deposit a silver mirror by evaporation over a dye coated slide.  The 

silver mirror adhered well to the glass with no apparent effects on the dye 

layer. In each case the slide having the dye was silane treated. 
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Both specimens were submitted to Norden for testing.  In neither case was 

Q-switching successful at the 0.11-0.12 optical density level used on these 
slides. 

Norden's decision to employ the polymethylmethacrylate films containing the 

Q-switch dye for the fulfillment of the contract obligations led to termination 
of the sublimation approach at the present time. 
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Table I 

Major Infrared Adsorption Bands for 
Bis-(U-Dimethylaminodithiobenzil) Nickel 

Wave Number (cm-1) Intensity Band Identification 

1590 
1530 
lk60 
1U80 

strong 
medium 
medium 
medium 

C-N bonds 
Unsymmetrical 
substitution on 
aromatic ring 

lUlO 
1395 

weak 
weak 

13^0 strong Perturbed -C=C- 

1320 
1300 
1270 
1230 

shoulder peaks 
on 13U0 (CH3)2-N^^~ 

1180 
ll65 
11U0 

strong 
strong 
strong 

Perturbed C=S 
linkage & aromatic 
substitution 

1015 
9^5 

880 

medium 
medium 

strong Cf 

835 
815 
795 

medium 
medium 
medium 

substituted aromatic ring 
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N121294-1 FIG. 1 
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N121294-1 
SUBLIMATION OF Q-SWITCH DYE ON GLASS 
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N121294-1 FIG. 4 
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N121294-1 MICROPHOTOGRAPHS OF SUBLIMED DYE ON GLASS SLIDES FIG. 5 
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APPENDIX C 
PHYSICAL DATA ON ADHESIVES STUDIED 

1. Dow Corning R-63-489:  a two-part silicone elastomer 

Suggested operating temperature range = -65 to +200°C 
Light transmission at 1.06 \i   =   88% 
Tensile strength = 900 psi 
Refractive index = 1.430 
Brittle point = -135°C _. 
Coefficient of thermal expansion = 3.0x10  cm/cm-°c 

(-55 to 150°C) 

(DC Sylgard primer required for PMMA/YAG bonds) 

2. GE RTV-602:  a two-part silicone rubber compound 

Suggested operating temperature range = -75 to +400°F 
Tensile strength = 100 psi _- 
Coefficient of thermal expansion = 16.2x10   in/in-°F 

(0 to 350°F 

3.   Hysol EA-9419:  a two-part polycarbonate adhesive consist- 
ing of an epoxy/urethane paste and a liquid amine 

Detailed data not supplied by vendor. 

4.   Hysol 0151:  a two-part epoxy resin 

Suggested operating temperature range = -50 to +180°F 
Tensile shear strength = 1850 psi. 

5.   Kodak HE-10:  a two-part modified epoxy 

Suggested operating temperature range = -65 to +185°F 
Refractive index = 1.577 

Loctite 04-E:  a one-part thickened ethyl cyanoacrylate 

Suggested operating temperature range = -110 to +185°F 
Tensile shear strength = 2200 psi 
Refractive index = 1.45 ± 0.03 
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Opticon UV-57:  a single component photosensitive resin 

Suggested operating temperature range = -65 to +200°F 
Refractive index = 1.5316 
Light transmission at 1.06 y = 93% 

8.   Summers M-62:  a two-part synthetic polyester adhesive 

Suggested operating temperature range = -54 to 100°C 
Refractive index = 1.55 

9.   Summers UV-71:  a one-part photosensitive synthetic poly- 
ester adhesive 

Suggested operating temperature range = -54 to 100°C 
Refractive index = 1.55 

10. Techkits E-7:  a two-part flexible epoxy resin 

Tensile shear strength = 3400 psi       _5 
Coefficient of thermal expansion = 4.8x10 ' cm/cm°C 

11. Tra-Con BB-2114:  a two-part epoxy resin 

Suggested operating temperature range = -60 to +110°C 
Refractive index = 1.565 
Tensile strength = 7200 psi _fi 
Coefficient of thermal expansion = 61x10 ' cm/cm°C 

12. Tra-Con BB-2129:  a two-part epoxy resin 

Suggested operating temperature range = -60 to +140°C 
Tensile strength = 9400 psi _fi 
Coefficient of thermal expansion = 58x10 ' cm/cm°C 

13.  Tra-Con BB-2130:  a two-part epoxy resin 

Suggested operating temperature range = -60 to +140°C 
Tensile strength = 8600 psi _, 
Coefficient of thermal expansion = 52xl0~ cm/cm°C 
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